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We report on temperature-dependent magnetoresistance measurements in balanced double quan- 
tum wells exposed to microwave irradiation for various frequencies. We have found that the re- 
sistance oscillations are described by the microwave-induced modification of electron distribution 
function limited by inelastic scattering (inelastic mechanism), up to a temperature of T* ~ 4 K. 
With increasing temperature, a strong deviation of the oscillation amplitudes from the behavior 
predicted by this mechanism is observed, presumably indicating a crossover to another mechanism 
of microwave photoresistance, with similar frequency dependence. Our analysis shows that this 
deviation cannot be fully understood in terms of contribution from the mechanisms discussed in 
theory. 

PACS numbers: 73.40.-c, 73.43.-f, 73.21.-b 



I. INTRODUCTION 

The physics of two-dimensional (2D) electron sys- 
tems exposed to a continuous microwave irradiation in 
the presence of perpendicular magnetic fields B has at- 
tracted both experimental and theoretical attention in 
the last years following the observation of the microwave- 
induced resistance oscillations (MIROs) [l[ which evolve 
into "zero resistance states" (ZRS) [H, Q for a sufficiently 
high microwave intensity. The MIRO periodicity is gov- 
erned by the ratio of the radiation frequency u> to the 
cyclotron frequency lo c = eB/m, where m is the ef- 
fective mass of the electrons. These oscillations occur 
because of Landau quantization and originate from the 
scattering-assisted electron transitions between different 
Landau levels, which become possible in the presence 
of microwave excitation. Two competing microscopic 
mechanisms of the oscillating photoresistance have been 
proposed theoretically: the "displacement" mechanism 
which accounts for spatial displacement of electrons along 
the applied dc field under scattering-assisted microwave 
absorption [3, H[, and "inelastic" mechanism, owing to 
an oscillatory contribution to the isotropic part of the 
electron distribution function 0, Q. Both mechanisms 
describe phase and periodicity of MIROs observed in ex- 
periments. A systematic theoretical study of photore- 
sistance has revealed two additional mechanisms: the 
"quadrupolc" mechanism, which comes from excitation 
of the second angular harmonic of the distribution func- 
tion, and "photovoltaic" mechanism, which is described 
as a combined action of the microwave and dc fields on 
both temporal and angular harmonics of the distribu- 
tion function Q . Both additional mechanisms contribute 
to transverse (Hall) dc resistance, while the photovoltaic 



mechanism contributes also to diagonal resistance. How- 
ever, this contribution is found to be weak and has not 
been detected in MIROs observed in experiments. 

For low temperatures the inelastic mechanism plays 
the dominant role because the relaxation of the 
microwave-induced oscillatory part of the electron dis- 
tribution is slow. This relaxation is governed by the in- 
clastic electron-electron scattering with a characteristic 
time Ti n oc T -2 , which is in the order of 1 ns at tem- 
peratures T ~ 1 K. This T _2 -dependence has also been 
found experimentally in Ref. 8. Nevertheless, recent ex- 
periments on high-mobility samples suggest that the dis- 
placement mechanism cannot be ignored and becomes 
important with increasing temperature, when the rela- 
tive contribution of the inelastic mechanism decreases 
[(|. The crossover between these two mechanisms was 
observed at T ~ 2 K. Notice that, since these mecha- 
nisms produce nearly the same frequency dependence of 
MIROs, the only way to distinguish between them is to 
measure temperature dependence of the oscillation am- 
plitudes. For a better understanding of the role of inelas- 
tic and displacement mechanisms in microwave-induced 
resistance of 2D electrons, systematic experiments in dif- 
ferent samples are highly desirable. 

In this paper we undertake a study of temperature 
dependence of magnetoresistance in two-subband elec- 
tron systems formed in double quantum wells (DQWs). 
Recently, wc have found [l(| that the inelastic mech- 
anism satisfactorily explains low-temperature photore- 
sistance in such systems exposed to microwave irradia- 
tion. The main difference in magnetoresistance of two- 
subband electron systems with respect to conventional 
(single-subband) 2D systems is the presence of magneto- 
intersubband (MIS) oscillations (see Refs. (TT| . (l2| . (l3j 
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and references therein) which occur owing to periodic 
modulation of the probability of intersubband transi- 
tions by the magnetic field. Under microwave irradiation, 
these oscillations interfere with MIROs. The interference 
causes a peculiar magnetoresistance picture where one 
may see enhancement, suppression, or inversion (flip) of 
MIS peaks, correlated with the microwave frequency [lCf . 
Whereas such a behavior of magnetoresistance is more 
complicated than that for single-subband electron sys- 
tems, it offers certain advantages in analyzing the effect 
of microwaves. The reason is that the quantum compo- 
nent of magnetoresistance, which is affected by the mi- 
crowaves, is "visualized" in DQWs by the MIS oscilla- 
tions whose period is typically smaller than the period 
of the MIROs. As a result, the changes in MIRO ampli- 
tudes caused by variation in temperature or microwave 
intensity can be traced by observation of the behavior of 
single MIS peaks, and the position of node points of the 
MIROs can be determined more distinctly by the MIS 
peak inversion. 

Our main result can be summarized as follows. We find 
that the inelastic mechanism fails to explain the observed 
photoresistance for T > 4 K. The temperature depen- 
dence of magnetoresistance can be explained either by a 
deviation from the Ti n cx T~ 2 law at these temperatures 
or by inclusion of another, T-indepcndcnt contribution 
to MIROs. The first possibility seems to be unlikely, be- 
cause we see no reasons for such a deviation. The second 
possibility is more promising, and a consideration of an 
additional contribution owing to the displacement mech- 
anism seems to be a natural choice. However, our quan- 
titative estimates demonstrate that the crossover from 
the inelastic to the displacement mechanism of MIROs is 
expected at higher temperatures in our samples, around 
10 K. Therefore, the origin of the observed photoresis- 
tance behavior can be partially explained by a contribu- 
tion of displacement mechanism but does not fully ac- 
count for our finding. 

The paper is organized as follows. In Sec. II we present 
details of the experimental analysis and the theoretical 
consideration of the microwave- induced resistivity of two- 
subband systems. In Sec. Ill wc analyze the deviation 
from the inelastic mechanism with increasing tempera- 
ture, compare our experimental results with the theory 
including both inelastic and displacement mechanisms, 
and formulate our conclusions. 



II. EXPERIMENTAL AND THEORETICAL 
BASIS 

We have studied balanced GaAs DQWs separated by 
different Al^Gai-^As barriers with barrier thicknesses 
of (4=14, 20 and 30 A in perpendicular magnetic fields. 
We have analyzed two wafers with (4=14 A and we focus 
in this paper on the samples with subband separation of 
A = 3.05 meV. This value is extracted from the periodic- 
ity of low-field MIS oscillations. The samples have a high 



total sheet electron density n s ~ 1.15 x 10 12 cm 2 and a 
mobility of /i ~ 1.4 x 10 6 cm 2 /V s at 1.4 K. The mea- 
surements have been carried out in a VTI cryostat using 
conventional lock-in technique to measure the longitudi- 
nal resistance R = R xx under a continuous microwave 
irradiation. As MW sources, we employ different "car- 
cinotron" generators and we focus on the frequency range 
between 55 and 140 GHz. A circular-section waveguide 
delivers microwave radiation down to the sample which is 
placed at a distance of 1-2 mm in front of the waveguide 
output. 

In Fig. [TJwe present the basis of our experimental anal- 
ysis for further temperature dependent measurements. 
Without microwaves (no mw), we observe MIS oscilla- 
tions which are superimposed on low-field Shubnikov-de 
Haas (SdH) oscillations at low temperatures. As the mi- 
crowave power increases (at a fixed microwave frequency 
of 85 GHz), the MIS oscillation picture is modified by 
the MIRO contribution. It is worth mentioning that we 
have to perform the experimental analysis for low mi- 
crowave intensity to ensure that the amplitude of MIS 
peaks is not yet saturated. Thus we present in Fig. Q] 
power dependent measurements for several chosen atten- 
uations: 0, -1, -2.5, -5, -7.5, -10 and -15 dB. The inset to 
Fig. [1] shows MIS peak amplitude at B = 0.3 T (marked 
by an asterisk) where saturation occurs between -2.5 and 
-5 dB. Therefore, we use experimental data with lower 
microwave intensity (for this frequency P < -7.5 dB). 
Still, the heating of 2D electrons by microwaves is ob- 
servable at these intensities by a suppression of SdH os- 
cillations. This heating is not strong and does not lead to 
the bolomctric effect at oj c ~ lj because of the radiative 
broadening of the cyclotron resonance Q , [l4[ . For tem- 
peratures below 10 K the phonon-induced contribution to 
electron mobility in our samples is weak, so the transport 
is controlled by the electron-impurity scattering. 

Our theoretical model takes into account both inelas- 
tic and displacement mechanisms of photoresistance gen- 
eralized to the two-subband case (for generalization to 
an arbitrary number of subbands, see Ref. 15). In the 
regime of classically strong magnetic fields, the symmet- 
ric part of the diagonal resistivity, p^, in the presence of 
microwaves is given by the expression 

— = 1 - 2 T T tr > V - dj cos — 

n n — ' J J hi,t- 



+T tr 



3 = 1,2 



• jj 



3=1,2 



27rA 

dj + 2v^d\di cos — — 
J nw r 



1 



2 

T* B. 



J2 {vfdjf + 24 r 4 r did 2 cos 



7 = 1,2 



2ttA 

huj r 



£ 

■i=i,2 



2n, 



v*„d 2 : + 2v*, 2 did 2 cos 

JJ J TVjOc 



, (1) 



where the sums are taken over the subbands j = 1,2 with 
energies Sj separated by A = |e" 2 — £i | - The second term is 
the first-order quantum correction describing the SdH os- 
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FIG. 1: (Color online) Normalized power dependent photore- 
sistance as a function of the magnetic field for 85 GHz at 
T = 1.4 K. Without microwave irradiation (no mw), MIS os- 
cillations are visible, superimposed on SdH oscillations. An 
increase in microwave intensity leads to an enhancement, 
damping, or flip of MIS peaks. We observe a saturation of 
the MIS oscillation for the attenuations between -2.5 and - 
5 dB; the inset shows the amplitude of the MIS peak marked 
with an asterisk. 



cillations (ef — h 2 im s /2m is the Fermi energy), and the 
third term is the equilibrium second-order quantum cor- 
rection containing the MIS oscillations. The fourth and 
the fifth terms are non-equilibrium second-order quan- 
tum corrections describing the influence of microwaves 
owing to inelastic and displacement mechanisms, respec- 
tively. In Eq. (1), po = m/e 2 n s Tt r , T tr is the aver- 
aged transport time defined as l/r tr = (i/' r + vtf)/2, 
1/t* = (u* + vl)/2, dj = exp(— -KVj/u) c ) are the Dingle 
factors, T = Xj sinhX with X = 2tt 2 T /Tvjj c is the ther- 
mal suppression factor, and n.j are the partial densities 
in the subbands {n\ +ri2 = n s ). The subband-dependent 
quantum relaxation rates Vj and Vj.y , as well as the scat- 
tering rates , Vj, v [fi an d v*y are defined according 
to 
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where Wjj> (<?) are the Fourier transforms of the cor- 
relators of the scattering potential, Fjji (6) = 1 — 
2kjkji cos 0/(kj + k 2 , ), 9 is the scattering angle, and 
kj = yJ2im 3 - is the Fermi wavenumber for subband j. 
Next, 
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are dimensionless oscillating functions describing MIROs. 
The denominator of A u accounts for the saturation effect 
at high enough microwave intensity. Finally, 
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The dimensionless factor P u is proportional to the ab- 
sorbed microwave power. E u is the amplitude of electric 
field of the microwaves, v 2 F = (y\ + v 2 )/2 is the averaged 
Fermi velocity (the Fermi velocities in the subbands are 
defined as Vj = Hkj/m), and r in is the inelastic relaxation 
time. This expression for P u assumes linear polarization 
of microwaves and is valid away from the cyclotron reso- 
nance. 

The general expression is considerably simplified in the 
case relevant to our DQWs, when A/2 is much smaller 
than the Fermi energy ep. In this case one may ap- 
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in balanced DQWs and under condition that interlayer 
correlation of scattering potentials is not essential, one 



has m 



and v* 
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The second-order quantum contribution (the last term in 
this expression) is reduced to the corresponding single- 
subband form [FJ] if the MIS oscillation factor 1 + 
cos(27rA/?iaj c ) is replaced by 2. The amplitude of this 
contribution is determined by the single squared Dingle 
factor d 2 = exp(— 27r/w c r 9 ), where the quantum lifetime 



4 



is denned as l/r q = (y\ + 1^2) /2. The MIROs are given 
by the term — — B u representing a combined action 
of the inelastic and displacement mechanisms. Since the 
factor 27rw / u c is large compared to unity in the region of 
integer MIROs (uj > ui c ), the functions A u and B u have 
nearly the same frequency dependence (if far from the 
saturation regime) and differ only by magnitude and by 
different sensitivity to temperature. 

The consideration presented above neglects the contri- 
bution of the photovoltaic mechanism, which, according 
to theory, should give a different frequency dependence 
leading, in particular, to a different phase of MIROs. 
This contribution decreases with increasing uj. According 
to our theoretical estimates, the photovoltaic mechanism 
contribution in our samples can be neglected in compar- 
ison to contributions of both inelastic and displacement 
mechanisms at the frequencies we use, while in samples 
with higher mobilities its relative contribution is even 
smaller. Taking also into account that the phase shift in 
MIROs specific for the photovoltaic mechanism has not 
been detected experimentally, the neglect of this mecha- 
nism is reasonably justified. 

For the analysis of experiments, we have to take into 
account the dependence of the characteristic scattering 
times: quantum lifetime r q and inelastic relaxation time 
Ti n on the effective electron temperature T e . According 
to theory Q , based on consideration of electron-electron 
scattering, r in scales as 
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where \ n is a numerical constant of order unity. To take 
into account Landau level broadening owing to electron- 
electron scattering, a similar contribution should be 
added to inverse quantum lifetime [lj| , so 1 /r 9 is replaced 
with 1/t q +1/t^ ee l/r 9 (T e ), where H/t™ ~ AT e 2 /e F ; the 
numerical constants \ n and A are not, in general, equal 
to each other. As a result, the Dingle factor becomes 
temperature-dependent: d — > d(T e ) = exp[— n /u> c T q (T e )]. 

For weak microwave power (far from the saturation 
regime), Eq. (7) can be rewritten in the form 
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where the SdH oscillation term from Eq. (7) is denoted 
as pd/ 'po\s- I n this expression we have applied the de- 
pendence Ti n oc T~ 2 and denoted To as the temperature 
when Tin = T tr . Next, [3 = T tr /2r*. The contributions 
proportional to /? come from the displacement mecha- 
nism. Since the first term in the square brackets is con- 
siderably larger than the second one, it dominates the 
frequency dependence of MIROs. Therefore, the com- 
bined action of the inelastic and displacement mecha- 
nisms on the magnetorcsistance can be approximately 



described by using the expression for inelastic mecha- 
nism contribution with an effective (enhanced owing to 
the displacement mechanism) relaxation time r* n : 



^ =T(r [(T /T e ) 2 +/3]. (10) 



The crossover between inelastic and displacement mech- 
anisms should take place at a characteristic temperature 
Tc = Tq/^/P. Below we present our experimental results 
and compare them with the theoretical predictions. 



III. RESULTS AND CONCLUSIONS 

While similar results have been obtained for various 
frequencies between 55 and 140 GHz, we focus our anal- 
ysis on the frequencies 85 GHz (attenuation -7.5 dB) 
and 110 GHz (attenuation dB). The electric fields for 
both frequencies, E u = 2 V/cm (85 GHz, -7.5 dB) and 
E u = 1.5 V/cm (110 GHz, dB), and the corresponding 
(B-dependent) electron temperatures T e were estimated 
by comparing the effect of heating-induced suppression 
of SdH oscillations with a similar effect in the known dc 
electric fields. At low temperatures, these quantities are 
in agreement with those obtained by fitting calculated 
amplitudes of the magnetoresistance oscillations to ex- 
perimental data. 

The theoretical magnetorcsistance is calculated as ex- 
plained above. The temperature dependence of quan- 
tum lifetime entering the Dingle factor is determined 
from temperature dependence of the MIS oscillations in 
the absence of microwaves (see the details in Ref. 11). 
This dependence fits well to the theoretically predicted 
one, where the contribution of electron-electron scatter- 
ing enters with A = 3.5 (see previous section). The 
low-temperature quantum lifetime r g caused by impu- 
rity scattering is 3.5 ps, which corresponds to the ratio 
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15. The low-temperature magnetoresistance in 



the presence of microwave irradiation is satisfactory de- 
scribed by the inelastic mechanism contribution with Ti n 
of Eq. (8), and a comparison of experimental and theo- 
retical results allows us to determine Ai„ ~ 0.94 in this 
dependence. 

With increasing temperature, the inelastic mechanism 
alone fails to describe the experimental magnetoresis- 
tance, and we have to introduce an enhanced relaxation 
time T* n . This is shown in Fig. [2] where we plot the 
dc resistivity as a function of B for the inelastic model 
with corresponding Ti n (red, top trace), inelastic model 
with an enhanced r* n (blue, middle trace), and exper- 
imental trace (black, bottom trace) for several chosen 
temperatures. For both frequencies, the heating due 
to microwaves can be neglected for T > 2.8 K, thus 
T ~ T e . It is clearly seen that with increasing tem- 
perature the theoretical model does not fit the magne- 
toresistance for 0.1 T < B < 0.3 T. Starting at 85 GHz 
[Fig. HJa-c)] we find that neither the flipped MIS peaks 
around B = 0.17 T nor the slightly enhanced MIS peaks 
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FIG. 2: (Color online) Examples of measured and calculated 
magnetoresistance for 85 GHz (a-c) and 110 GHz (d-f). Red 
(top trace) is the theoretical magnetoresistance with the in- 
elastic mechanism contribution. We display corresponding 
inelastic scattering time for the given electron temperature 
T = T e . Blue (middle trace) is the theoretical magnetoresis- 
tance with an enhanced r* n , which fits the experimental data 
(black, bottom trace). Theoretical curves are shifted up for 
clarity. 



at B = 0.13 T occur in the inelastic model if we use cal- 
culated inelastic relaxation time Ti„. With an enhanced 
time T* n , e.g., in Fig. [2jb), with r*„ =3.5 Ti„, both fea- 
tures appear at the corresponding magnetic field. This 
deviation is especially clear in Fig^c) at T = 8 K. Here 
we use r* n =6.7 r in to obtain the closest fit to the ex- 
perimental result. For 110 GHz, we observe similar re- 
sults for all temperatures, and we show the features at 
T = 4 K, 5 K and 6 K, see Figs. Hd-f). Due to a 
different frequency which changes strongly the MIS os- 
cillation picture [10| , we focus now on the enhanced MIS 
peaks around B = 0.16 T and the damped features at 
B = 0.22 T. Whereas the comparison with theoretical 
model only shows a slightly smaller amplitude of the en- 
hanced MIS peaks at B = 0.16 T, the damped or in- 
verted MIS peaks [Fig. ^6)] observed in experiment at 
B = 0.22 T do not occur unless Ti n is enhanced to r* n . 

In Fig. [3]we show the enhanced relaxation time T* n as a 
function of electron temperature T e . We have added the 
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FIG. 3: (Color online) Temperature dependence of the effec- 
tive relaxation time T* n extracted for different microwave fre- 
quencies and intensities (points), and theoretically predicted 
inelastic relaxation time Ti„ cx T~ 2 of Eq. (8) (red thick 
line). The deviation from the inelastic model starts at a 
critical temperature T* ~ 4 K. For higher T e we observe an 
almost temperature-independent behavior until the effect of 
microwaves on the DQW systems vanishes depending on the 
strength of the electric field E u . The theoretical dependence 
of T* n under approximations of smooth scattering potential 
(short dash) and of mixed disorder at maximal possible con- 
tent of short-range scatterers (dash) are also shown. 



data for a higher frequency of 140 GHz and for a lower 
microwave intensity (85 GHz at -15 dB, the estimated 
electric field is E u = 0.8 V/cm). It is clearly seen that r* n 
is very close to Ti n oc T~ 2 for T e < T*, which strongly 
confirms the relevance of the inelastic mechanism of pho- 
toresistance in this region of temperatures. The deviation 
from this mechanism begins at T* ~ 4 K, which is iden- 
tified as a "critical" temperature. For T e > T*, a nearly 
temperature-independent (constant) r* n is obtained in 
the whole frequency range. The dispersion of the experi- 
mental points in this region of temperatures is attributed 
to a limited accuracy of our analysis, when temperature 
dependence of the prefactor is extracted using the ex- 
pressions containing temperature-dependent exponential 
factor d 2 (T e ) . For each extracted r *„ , we present an error 
bar in Fig. |3]foi' T >3.5 K. Note that for low temperature 
the errors become smaller due to the T -2 -dcpcndence of 
inelastic relaxation time. 

It is tempting to attribute the observed behavior to 
the theoretically predicted crossover between the inelas- 
tic and displacement mechanisms. To check out the reli- 
ability of this assumption, let us compare the experimen- 
tal critical temperature T* with the theoretical crossover 
temperature. Based on our experimental data, we find 
To ~ 6.0 K. To find the parameter f3, an additional con- 
sideration is required, since the time r* is not directly 
determined from experiment. This time is expressed 
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through the angular harmonics of the scattering rate as 
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while l/r q = 1/tq and 1/T tr = 1/tq — 1/t±. A large 
ratio of Tt r /T q , which is typical for modulation-doped 
structures, suggests that the scattering is caused mostly 
by the long-range random potential (smooth disorder). 
If a model of exponential correlation is used [w(q) oc 
exp(— l c q), where l c is the correlation length of the ran- 
dom potential], each harmonic is given by the following 
expression: 
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Since the parameter x can be determined from the known 
ratio Ttr/T q , which is equal to 1 hi this model, the 

time t* and, hence, (3 can be found. For our samples we 
obtain the crossover temperature Tc — 15.3 K, which is 
considerably larger than T*. Therefore, the displacement 
mechanism contribution is not strong enough to explain 
the observed temperature behavior. 
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FIG. 4: (Color online) Theoretical dependence of the 
crossover temperature on the content of short-range scatter- 
ers for several given ratios r tr /r 9 (for our sample this ratio is 
15). To is the temperature when n n equals Tt r . 

Recently, it was shown [l8| that the presence of a small 
amount of short-range scatterers (such as point defects 
whose radius is much smaller than the inverse Fermi 
wavenumber 1//cf) increases the contribution of the dis- 
placement mechanism. For this two-component disorder 
model, Eq. (12) should be replaced with [13, [Hi 
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The relative content of the short-range scatterers can be 
characterized by the ratio T sra j T s h . The crossover tem- 
perature Tc, indeed, decreases with increasing T sm /T s h- 
However, to keep a constant T tr /r q determined experi- 
mentally, one cannot make T sm /T s h too large. In Fig. 
IU we illustrate the dependence of Tc/Tq on the content 
of the short-range scatterers for several ratios of Tt r /T q . 
Each curve stops at the point when the given ratio can- 
not be reached if we add more short-range scatterers; 
this point corresponds to j3 = 3/4. Therefore, for two- 
component disorder we can reduce T c down to (2/V3)T , 
which in our case gives the lower limit Tq — 7 K. Again, 
the displacement mechanism contribution is still weak to 
produce the crossover at T ~ 4 K. 

To demonstrate the temperature dependence of the ex- 
pected r* n , we add the theoretical plots based on Eq. 
(10) with T c = 15.3 K and T c = 7 K to Fig. [3] It 
is clear that the smooth disorder model cannot fit the 
experimental data above T* = 4 K. The mixed disorder 
model produces a better (still not sufficient) agreement 
with experiment in this region, but leads to a noticeable 
deviation from the r* n oc T~ 2 dependence in the region 
T < T*. This essential observation shows that the be- 
havior of r* n can hardly be explained within a model 
that adds a temperature-independent [as in Eq. (10)] 
or weakly temperature-dependent term to r, n : such a 
term cannot lead to a distinct change in the slope of the 
T-dcpcndence around T* . Therefore, one may suggest 
that another, previously unaccounted mechanism of pho- 
toconductivity, which turns on at T ~ T* more abruptly 
than the displacement mechanism, should be important. 

In conclusion, we have studied the temperature de- 
pendence of magnetoresistance oscillations in the systems 
with two closely spaced 2D subbands (DQWs) under con- 
tinuous microwave irradiation. With increasing temper- 
ature to T* ~ 4 K, we observe a considerable deviation 
from the temperature dependence predicted by the in- 
clastic mechanism of microwave photoresistance. A sim- 
ilar behavior (at T* ~2 K) has been recently observed in 
high-mobility quantum wells with one occupied subband 
@ and attributed to a crossover between inelastic and 
displacement mechanisms || [l8j] . We have analyzed our 
data in terms of this model, by taking into account elas- 
tic scattering of electrons by both long-range and short- 
range impurity potentials. We have found that even in 
the light of limited accuracy of our analysis, the observed 
deviation cannot be fully explained by the contribution 
of the displacement mechanism, and, therefore, requires 
another explanation. We believe that this finding will 
stimulate further theoretical and experimental work on 
the transport properties of 2D electron systems exposed 
to microwave irradiation. 
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